N osocomial infections (NI) represent a major complication in pediatric intensive care (PICU) patients undergoing cardiac surgery. The main causes of NI in these patients are the presence of multiple surgical wounds and frequent postoperative utilization of invasive devices. This complication is associated with significant morbidity and mortality as well as with prolonged hospital stay in adult patients (1) . Reported NI rates vary widely from one unit to another (2) (3) (4) (5) . Our aim was to determine the prevalence, characteristics, and risk factors for the development of NI and to evaluate the relationship between NIs and patient outcome in children after cardiac surgeries who were hospitalized in a PICU as a step toward improving infection control policies in this population in PICUs.
MATERIALS AND METHODS
Patient Population and Setting. The study population comprised of all patients who underwent cardiac surgery and who had been admitted to the PICU at Safra Children's Hospital, Sheba Medical Center (Israel) between January 1, 1999 and December 31, 2002. The study group included patients who had an NI according to the CDC criteria (2) . The control group included 1 of 3 of the patients with no evidence of NI who were randomly selected.
The Institutional Review Board approved the project and waived the need for consent.
Definitions. The CDC criteria (6) define significant bacteremia or fungemia as isolation from blood cultures of one or more recognized pathogens that are not common skin flora, or isolation of organisms that are common skin flora, together with clinical signs or symptoms of infection, from a) two or more separate blood cultures, b) one blood culture and another site, or c) one blood culture in a patient with an intravascular device where there is resolution of clinical signs and symptoms after removal of the device or after appropriate therapy. A urinary tract infection (UTI) was defined as positive urine culture with appropriate clinical symptomatology that was treated according to the causative agent. A surgical wound infection was defined as infection involving the skin and superficial or deep soft tissues with positive wound culture. Nosocomial pneumonia was defined according to the CDC criteria (6, 7) . Sepsis was defined according to the definition proposed by the American College of Chest Physicians/Society of Critical Care Medicine Consensus Committee (8) . Infections were considered as being nosocomial if they had developed within the PICU or Յ48 hours after discharge from the PICU. To adjust for case complexity, the cases were grouped into the highest possible of four categories representing the complexity of the surgery as described by Jenkins et al and Hannan et al. (9, 10) (Appendix). Procedures were considered more complex if they were technically more difficult to perform or were usually performed on patients with complex disease. Operative complications included intraoperative bleeding, connection of the patient to extracorporeal membrane oxygenation, intraoperative resuscitation, or both. "Open-chest procedure" means that the chest was left open after the surgery or was reopened postoperatively.
Data regarding complications and procedures for patients with two or more episodes were based on the whole period of hospitalization.
Data Collection. Demographics and clinical characteristics for all eligible patients (study and control groups) as well as data related to treatments and procedures during hospitalization were collected from the medical records using a preconstructed questionnaire. Additionally, data on positive cultures, including the identification of the pathogen, were collected from the microbiology records of the microbiology laboratory.
Data Analysis. The prevalence of PICUacquired infection was calculated by dividing the number of admissions with NI by the total number of admissions.
The crude mortality rate was calculated as the ratio between number of deaths among children with NIs in the PICU and the number of admissions involving NI.
The comparison of categorical variables was performed by using X 2 tests or Fisher's exact test. Wilcoxon rank sum tests were used for comparison of age and length of hospitalization between the two groups. All durations are presented as median (interquartile range). A multivariate stepwise logistic regression was used to determine the predictors for NI cases. List of potential predictors included age, sex, congenital malformation, operative complications, multiple surgeries during hospitalization, open-chest procedure, and complexity score. Another multivariate stepwise logistic regression model was used to evaluate the association between clinical characteristics and mortality among NI cases. The list of characteristics included the variables mentioned above as well as sepsis, urinary tract infection, and respiratory tract infection. Statistical significance was set at p Ͻ 0.05. All analyses were performed using the SAS Software (11).
RESULTS
Between January 1, 1999 and December 31, 2002, 356 patients underwent cardiac surgery and were admitted to the PICU (a total of 381 admissions). There were positive cultures in 191 admissions, of which 93 were defined as cases of NI, according to the CDC criteria. There were 146 episodes (91 patients) of NI during these 93 admissions, yielding an NI ratio (NIR) of 38.3% (146 episodes of NI in 381 admissions) and a prevalence of PICUacquired infection of 24.4% (93 admissions with NI out of a total of 381 admissions). Sixty-three admissions included one episode of NI, while 30 admissions included more than one episode (17 with two episodes, seven with three episodes, three with four episodes, two with five episodes, and one with six episodes of NI).
There was no evidence of NI in 288 of the admissions, and the control group included 92 of them who were randomly selected. The patient-to-nurse-ratio in our PICU is 2-3:1.
Patient Characteristics. The demographics and clinical characteristics of the 93 admissions of the NI cases compared with the 92 admissions of the control group are presented in Table 1 . There were significant differences between the two groups in age, with the study patients being significantly younger than the controls (52.7% vs. 18.7%, respectively, were Ͻ2 months of age). The study patients also had a relatively prolonged length of stay in the PICU and a higher number of multiple surgeries. Postoperative complications, open-chest procedure, and having a higher complexity score were significantly more prevalent in the NI cases. A multivariate analysis revealed that age Ͻ2 months (OR ϭ 4.50; 95% CI 1.70 -11.9), postoperative complications (OR ϭ 4.37; 95% CI 1.27-15.0) and open-chest procedure (OR ϭ 10.5; 95% CI 2.25-49.1 were significant risk factors for NI.
Characteristics of Infections. The most common NI site was the bloodstream (65.8%, 96 of 146 episodes) followed by pneumonia (16.4%, 24 of 146 episodes), urinary tract infections (UTIs; 9.6%, 14 of 146 episodes) and wound infections (7.5%, 11 of 146 admissions). There were 180 species of microorganisms that were isolated in the 146 episodes. The main causative organisms were Coagulase negative Staphylococcus, Klebsiella pneumonia, and Candida spp. (18.9%, 16.7%, and 15%, respectively; Table 2 ).
Mortality. The crude mortality rate for patients with NI was 23.7% (22 of 93) compared with 2.2% (2 of 92) in patients without NI (p Ͻ 0.001). Nine of the 22 Table 3) . Complexity score was not associated with mortality in the NI group in both univariate and multivariate analyses (Table 3) .
DISCUSSION
Our study demonstrated that NIs are common among pediatric patients undergoing cardiac surgery. The NIR in our study was 38.3% and the prevalence of a PICU-acquired infection was 25.6%. The survey data of Grohskopf et al. (2) 2). The higher prevalence of infections in our study compared with some of these studies can be explained, at least in part, by differences in the available nursing resources. The patient-to-nurse-ratio in our PICU is 2-3:1 while that of Pollock et al. (5) is 1:1. Many studies have shown that overcrowding, understaffing, and misbalance between workload and resources are important determinants of NIs (14Ϫ17).
Another possible explanation for the differences in the NIRs between the different studies can be due to differences in the complexity of the cardiac procedures that are performed in the various centers (5, 18, 19) . Another factor contributing to our high NIR is the high percentage of utilization of central vascular and urinary catheters, resulting in high percentage of catheter-related infections (the median days of urinary catheter in the NI group and the control group were 7 and 1, respectively; the median days of central venous catheter in the NI group and the control group were 8.5 and 1, respectively). This result corroborates the finding of previous studies of PICU nosocomial infections and device utilization finding that the device utilization ratio (the number of days of individual device use divided by the total days of stay) corresponds to the rate of PICU nosocomial infections (20) . It is noteworthy that in this study, although the single variable analysis showed a significant difference between the NI and the control group in the duration of devices utilization these parameters did not reach statistical significance in the multivariant analysis.
Bloodstream infection was the most frequent NI (65.8%), followed by pneumonia (16.4%), UTIs (9.6%), and wound infections (7.5%). In their study on NIs after cardiac surgery in children, Levy et al. (18) also reported that the most common site of infection was the bloodstream followed by superficial and deep surgical wound infections, thoracic drain, and pacemaker wire infection and pneumonia. Dagan et al. (19) confirmed that the most common site of NIs was the bloodstream, followed by the surgical site and the urinary tract. Pollock et al. (5) showed that 27% of the NIs were bacteremias, close to the 28% they found for wound infections. In a national multicenter prevalence study of PICU-acquired infections in the United States in 35 PICUs (2) (2, 21) . They contradict reports from the mid-to-late 1980s that documented Gram-negative pathogens as the organisms most often implicated in PICUacquired infections (22) .
In our study, young age, high complexity score, prolonged hospital and ICU stay, operative complications, open-chest procedure, and multiple operations emerged as risk factors for NI. These findings are consistent with those of Levy et al. (18) who reported that the main risk factors for developing of NI as being neonatal age, prolonged PICU stay, open-chest postoperatively, and high complexity score. These results are also consistent with those of Pollock et al. (5) who showed that complex heart surgery, open chest, and a high pediatric risk of mortality score were associated with increased risk for wound infection. Mrowczynski et al. (23) found that patients who developed infections were significantly younger, with smaller body surface areas and disparity with the oxygenator surface area, longer operative and bypass times, extended intubation, and prolonged intensive care. Sex and type of operation were not predictors of infection in their study.
The crude mortality rate for our patients with NI was 23.7%, compared with 2.2% for the children without an NI (p Ͻ 0.001). The risk factors that were found to be associated with increased risk for mortality in the patients with NI were open-chest procedure, operative complications, and clinical sepsis (p Ͻ 0.001). Kollef et al. (1) also showed in adult patients who NIs, particularly nosocomial pneumonia and clinical sepsis, were associated with subsequent development of multiorgan dysfunction and hospital mortality, although their reported mortality rate (11.5% compared with 3.2% for patients without NIs) was lower than ours. Grohskopf et al. (2) found that patients with NI had longer length of stay both in the hospital and in the PICU and that they were more likely to die within 4 weeks of the survey than their uninfected counterparts.
There are several limitations to this study. Because it was carried out in a single tertiary care center, the results may not be directly applicable to other institutions that have different patient populations and medical policies. In addition, the study is limited by its retrospective nature.
CONCLUSIONS
This study provides data describing the problem of NI after cardiac surgery in a PICU. The results highlight the importance of NIs and their influence on survival in pediatric patients undergoing cardiac surgery. Some mortality is inevitable in populations of very ill children in this setting, but avoiding deaths associated with NIs should be of highest priority. More research is needed to better define the optimal patient-to-nurse ratio and the impact of overcrowding in this population, as well as to identify the culpable factors involved in these infections. It is noteworthy that improving management of the catheters involving an infection control program may be the first step leading to a decrease in the NI and crude mortality rate in these patients.
Refined measures of prevention and control may reduce NI occurrence and subsequently lead to a decline in morbidity and mortality among these children.
